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(54) Ttaalment of subterranean fdrmatlon to control particulate f lowtMck 

(57) A Bubtenaneankxmation is treated with a par- 
ticulate laden fluid whereby particulate fkMvback is 
reckjced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a 
particulate^ a tacWfying compound and a hardenable 
resin, pumping the suspension into a subtenanean for- 
matwn and depostling the mixture within the fionnatton 
whereby the tackifying compound retards movement of 
at least a portion of the particulate within the fonnatksn 
upon f tow of fluids from the subterranean formation and 
said hardenable resin subsequentiy consolidates at 
least a portion of said parttouiata within said formation. 
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Description 

This inven1k)n relotoe to a method of fr^^ 
the production of hydroc&it)one. 
8 Transport of particiMe solids during the production dhydr^^ 
probieiTt The transported sdids can erode or caiM sigriiAcanl wear in t^ 
the recovery process^ The soida also can doo or plug the wslbore thereby 1^ 

tion. Further, the transported particuiatee must be separated ftom the recovered hydrocarbons adding further expense 
to the processing. 

10 The particiialeswhich are aralable tor transport be present 

nean formation and^a as a result of well treatments pladTHi particulate 

paddng or propped fracturing. 

In the treaftnent of subterranean formations, it is corrYnon to place particuiate materials as a fater medwm and/or 

a proppant in the near weUbore area and in fracturee extendnig outuvaidly from the wettxxe. In fracturing operations. 
15 proppam is carried inio fracturee aeated when hydraulc pressure is appled to these subtem 

a point where firaduree are d«^eloped ProppanI suspended in a visoosiled fii^^ 

from the weKxsrewiIMn the fractures as they are created and extended with continued pumping. Upon release of pump- 
ing pressure, the proppant materials remain in the fractures holding the separated rode faces in an open position form- 
ing a channel for flow of forrnation fluids bade to the weHbae. 
20 Proppant ikMtoack m the transport of proppants bade into the weltxsre with the production of formation fluids fol- 
lowing fracturing. This undesirable result causae undue weer on production equfprn^ 
from the produced hydrocarbons and oocastonally also dscresM 

propparit does not rernalnwftNn the firacture and inayRmit the width or oondu^ channel. Prop- 

pam flowbade often may be a aggravated by what is described as "aggressive' flowbacK of the w^ 
25 treatment. Aggressivefkjwbadegenerally entaisflowfoackof thetreatmemtluM 

0. 1 barrels per minute (BPM) per peribration of the treatment fluids which were introduced into the subterranean forma- 
tion. 

Such flowbadi rates accelerate or force dosure of the fxmation upon the proppam introduced ^ 
The rapid flowrate can reeutt in large quantities of the proppam flowing bac^ 
30 where inadequate bridging within the formation occurs. The rapid flowtiack le highly desirable for the operator as It 
returns a weHbore to production of hycfrocarbons significantty sooner than would result from other techniques. 

Currently, the primary means for addressing the proppant f lowbadc problem is to employ resin-coated proppcnts or 
resin consoidation of the proppam which are not capable of use in aggressive fl^^ Further, the cost of 

resin-coated proppant is Ngh. and Is therefore used only as a tailnn in the last five to twenty five percent of the proppant 
3s placement Resin^oated proppant is not always effective dnce there is sonwdiiricul^ 
fractures. Another means shCMrfng reasonabia effMiveness has been 10 gradualyrde^ 
fracturing operation has been completed so that fracture closure pressure actlrig against the proppant builds slowly 
aUowing the proppam partides to stabiize before flowbadc of the fraclurfr^ 

duction. Such slow return Is undesirable, however, since it reduces the production from the welbore until the treatment 
40 fluid Is removed. 

In unconsoidated formations, it is common to place a filtration bed of gravel in the near-wdbore area in order to 
present a phydcal barrier to the transport of unconsoidated formation finee with the p^^ 
caly. such so^ed "gravd padgng operations' involve the purnping and placenMnt of a q^ 
having a rnesh size between about 10 and 60 mesh on the ua Standard Siewe Seriee into the 

4$ tioli adiacent to the w d to a a It is sometimes also desirafale to bind the gravel parttdes together in order to form a 
porous matrix through which fonnation fluids can pass while straining out and retaining the buRc of the unoonsofidated 
sand and/or fines transported to the near wdbore area by the formation fluids. The gravd partidee may oonstituto a 
resin-coated gravd which is either partially cured and sutnequently oonpletes curing a can be cured by an overflush 
of a chemical bindng agent once the gravd is in place. It has also been ieiown to add various hardenable bindfrig 

50 agents or hardenable adheslvesdrectly to an overflush dunoonsdidated gravd In order to bM 

U. S. Patents 5,330.005. 5,439,055 and 5.501^75disdose a mdhod for overaoming the difficulties of resin coating 
proppants or gravd pad« by the i nco r p or a t i on of a ftmus materid in the fUd with which ttie particuiatee are intro- 
duced into the subterranean formation. The fibers generally have a length ranging upwardly from dboU 2 milimeters 
arid a dUuneter d from about 6 to about 200 miaorta Ftxilated flMTS d snialer diamder a^ 

5B are bdieved to act to bridge acroeeoonstrictioris and orificee in tt>eproppam pack and form a rnd or frame 
holds the particdates in place thereby imiting particulata flowbadc The fi^ 
Ices in permeable d the proppant padc that ia aeded in oonrparison to a padc without 
vmie this technique mqr function to limit sonrie fiowbad^ i^ 
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manner achieved by use of reein coated particulate& 

U.a Patent 5.501 ^74 cfiedoeee a method for reducing proppant f kMtack by the incorporation of thermoplaatic 
nurterial in particulate, rfebon or flake form with the prop 

rial in the formation, the thermoplastic material softens and causae particulates acfjacent the material to adhere to the 
thernrttptastic aeating agglonieratee. The agglomerates then bridge 
to prevent flow^>aclc from the lormatioa 

¥iould be desirable ID provida a more permanert method 11^^ 
to one another whereby a ggi ometatas may be fonwed which wouM 
of particulates f^ a weitxm a formation without signi^ 
aggressive fkM^)ack of treabnent fhiidB^ 

We have now devised a metfKd of treating a subterranean formation Id inhibit t^ 
the wefibore during the production of hydrocarbons* without significant effects upon the permeabity of the particulata 
padc 

In accordance with ttie inventioa a mettiod of treating a subterranean fonnation penetrated by a wetMre is pro- 
vided comprising the steps of providing a fhid suspension induding a mi)^ 

prising a Rquid or solution of a taddfying compound, which coats at least a portion of the particulate upon admixture 
therewith, and a haidenaUe resin, which coats a is coated upon at least a portion of the particulate, punpi^ 
suspension including the coated particulate through the wel)ore and depositing the mixture in the formation. Upon 
deposition of proppants having been coated with the taddfying compound and resin material mixture in the formation 
the coating causes particulate acfaoent to the coated material to adhere to the coated material thereby creating prop- 
pam agglomerates which bridge agaln^ other partides in the formation to minimize i participate flowbadc and the 
hardenable resin subsequentiyoonsolldatee the particulate before and during flowback. 

Thecoatednriaterialisefftetivelninhtoitingtheflowbadcofparticd^ in a porous pack having a size ranging from 
about 2 to about 400 mesh In intimate admixture with ttie taddfying compound and hardenable resin coated particu* 
lates. 

The coated material is effective in consolidating particulate into the fonm of agglomerates in a fonnation as a result 
of a fracturing or gravd packing treatnfient peribmfied on a subterranean fb^^ 
treatment fluid. 

In accordance witfi the preeem kwention, a liquid or solutton of a tadofyi^ 
mixture witti a particulate material such as conventional proppants or gravel packing materials together with a harden- 
able resin and introduced into a subterranean formatioa 

M used in tills 6pecifk:ation. the term Intimate mixture" wi9 be understood to mean a substantially uniform disper- 
skMi of the components in the mixtura The term 'simultaneous mbdure" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the sdMerranean formation treatment process or the preparation 
for the performance of the treatmetit process^ 

The coated particulate or prqppam material may comprise substantiaSy any substrate n^ 
sirably chemically interact with other componente used In treating the subterranean formation. The material m^ com- 
prise sand, ceramics, glass, sintered tiauxitei resin coated sand, resin beads, metal beads and the Ito. The coated 
material alsomaycofipriseanaddtionalnutterialttiatiseKtrnixedv^ 

formation to reduce particulate ftowback. In tttis instance tiieaddittonal substrate material may comprise glass^ ceramic, 

cartwnoonpositee. natural or svnttietfcpolymeray metal and the 0 to 

ings. platelete and tile lika In this instance, the additiond substrate material generalVwiMte 

Ialelnanarnouiitof1lromabout0.1 toaboutSpercembywelghlolthepar^^ The taddiying compound conprisee 

a Ik^ or a sdution d a conpound capable of forming at least a parlid coating ifxm the sub^^ 

it is adn^xed prior to or subsequent to placemem in ttie subterranean fo^^ 

pourid may t>e a solxl at antxerit surface conditioris arid L|X)n initid ac^^ 

entry into the wdbore for introductkNi into the subterranean formation become a melted Qquid whfoh at least partialy 
coats a portion of the particulata Compounds suitable for use as a tadofying compound comprtee sut)stantialy any 
conrpound which when in liqukf fomii or in a sdvem solution wfl form a non4i^^ 
particulate which fadHtates aggkvneration and wl inaease ttie continuous Griticd res^ 
ukrte wfien contaded by a stream of water as hereinafter described in Exarnpte I by at 

paniculate atone when present in a 0.5 percent by weight active material concentration and inaeasa ttie mitid critical 
resuspendon vetodty by d lead about 50 percent over ttie particulate alona. Preferably, ttw 
penskn velocity is increased t)y at lead 100 percent over particulate dorie and mod preferably at lead about 150 per- 
cent over particulate done and ttie inrtid crificd resuspendon vetodty is inaeased by at lead 75 percent and moat 
prefdably d lead 100 percerit <Mr particulate atona A particularV preferred gioi^ 
pdyamkJee which are Ikiukto or In advent solution d the temparatura of ttw subterra 
ttid ttie pdyamktoe arei by ttiemsefvea non^iardedng when present on ttie particU^^ 
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nean formatioa A particularty preferred product is a corxlensation reaction product corrprised of oommefcsaly avaia- 
bie polyaddB and a polyamine. Such commercial products iridude compounds such as mixtures of C36 dibasic adds 
containing some trimer and higher ofigomers and also smal amounts of monomer adds which are reacted wHh 
polyaminee. Other poiyadds indude trimer adds, synthetic adds produced from fatty adds* maleic anhydride and 
aoylc add and the Ito. Such add oonpounds are avalafaief^ Chemtal, 
and Emery Industies. The reaction products are available from, for example. Champion Chemical Inc. and Witoa 

In general, the pdyamidee of the present invention are co m mer ci ally produced in batchwtse processino of poiyac- 
ids predontinately having tm or more add function^ 

ufacturing industry, the poiyadds and pofyfundional aminee are introduced into a reaclor where, with agitation, the 
mildhf exothermic fforrnation of the arnine salt occurs. After mixing, heat Is applied to pronioteendothermic dehydration 
and formation of the polymer melt by polyoondensation. The water of reaction is condensed and removed leaving the 
pdyamide. The molecular w eight and final propertiee of the polymer are contrded by choice and ratio of fMetodc, 
heating rate, and judldoue use of monofunctional adds and aminee to terminate chain propagation. Qeneraly an 
excees of polyamine is present to prevem runaway chain propagatioa Unreaded ai^^ 
tion. if dedred. Often e solvent such as an aloohd. ie admixed with the fi^ 

a liquid solution that can readily be handled. The condensation reaction generally is aocompished at a temperature of 
from about 225*F to about 450*F under a nitrogen sweep to remove the condensed water from the reactioa The 
potyamines can comprise, for example^ elhylenediamine. diethyleneferiamine. triethylene telraamine. amino ethyl p^- 
azine and the lice. 

The polyamides can be converted to quaternary compounds by reaction with methylene chloride, dknethyl siMate. 
benzylchiorlde, dethyl sulliBte and the lii«L Typlcaly the quaterrt 
from about 100 to about 200*F over a period of firom about 4 to 6 hours. 

The quatemization reedion may be enployed to Improve the chemical conpatbinty of the tadofying conpound 
with the other chemicals utized in the treatment f luidB. Quatemization of the laddfying compound can reduce efiecto 
upon breakers in the fluids and reduce or minimize the buffer effects of the compounds when present in various fluids. 

Additional compounds which may be utilized as tadofying confounds include liquids and sdutions of, tor exanple. 
polyesters and pdycarbamatee. polycarbonates, natural resins such as sheRac and the like. 

The tackifying conpound ie admixed with the particulate in an amount of frm 
material by weight of the coated partlcdatai It is to be understood that larger quantities may be used, however, the 
larger quantities generally do not significantly increase performance and oouto undesirably reduce the permeability of 
the particulate padc Preferably, the tadofying compound is admixed with the particulate introduced into the subterra- 
nean formatton in an amoum of from about 0.25 to about 2.0 percent by wdght ol the coated parti 

V\^en the tacMfying compound is utifized with another nvrterial th^ 
is to be at least partially coated with the tadofying conpound. such as glass fftm 
in an anwum d llrom aboU 10 to about 250 percem active materid by weIgM ol the gto 
and generaly from about 0.1 to about 3 peicem active niaterfd by weigM of the q^ 
coated malerW le Intimatdy admixed. PrefMbly the tadofying 

about 150 percent of the material which is to be at least partially coated with the tadofying conpound and then added 
to the particulate. At least a portion of the tackifying oonrpound In^ 
coat at least a portkxi of the partkMste vvith whk:h it is admixed 

The haidenable reein conprisee an epoxy or phenoic resin or other conpound capable of being at least partiaMy 
coated upon a particulate subetrate and then cured to a higher degree of polymerization. Exanples of such redhs 
indude phend-akfehyde redne of both the resole and novolac type, urea-atoehyde reeins. mdamine^ehyde redne, 
epoxy redne, fistUryl aloohd redne and the Ito. The curing may result from heating the resin to a higher tenperature 
such as can occur Witt the resde resins or by the addftton of a catalyd or crossly 

erizatioa Admixtures of resins such as the resole and novdac redns may be utized wherein suffk^ertf resole redn is 
incorporated to initiate pdymerizatkxi in the ncMUac resin. Various resins are descrtoed in for example U.S. Patents 
5.420,174; 5,218.038; 5.425,994 and 4.888240 the entire disdosuree of which are Incorporated herein by reference 
thereto Partkxjiariy preferred resins inckide epoxy resins sudi as ''E^ 

panj^ Houstoa Tsxas. Phenoic redne such ae "Redn 1866" from Acme Redn Corporation. Borden DIviston. Rvreet 
Peril. ISnds, turn redne such as -AR8-1500" redn from Advanced Redn Systems. Des Plains. UMs and novate 
Resins such as "Baksile 9282 FP* redn also avdlabto from Advanced Reein Systems. 

The reein is adhiixed with the perticulato in an amount of from about 0.01 to ab^ 
txxilaleL Prefarsbly; the redn is admixed with the particuiato in an amount of from itoout 0.05 ^bou 1.0 percent by 
weight of the particdate. Curing agents, catalyeto or croesQnkeie selected fi^ 
lized with the redn to harden the redn and fonn a ooneoidatad matrix of parties 

The Rquid a sohilton of tadofying conpound interacts mecheni^ 
the subterranean lormalton to IMt or prevent the ftowbadc of particui^ 
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hardening and consolidation of the particulatee by the hardenaUe resin. 

In one^entediniem. the tadofying conpound. ^ 
a nsterial that has mulli-tUnctional reactive sites wtMi tf^ 
hard reaction product which consolidates the aggionierates fo^^ 
5 ucf as used here^ nneans that the reaction of the tackifyino compound wHh the multihjnctionai material wi result in a 
substantially nonflOMrable reaction product that exhi)its a higher compressive strength In a consdUated agglomerate 
than the tackifying compound alone with the partiojla^ One means of e^akallng the consolidated agtfomerat e lo 
deteriT*ie whether an Inaease in oonpressive strength has occurred is through tes^ 

may be prepared comprising particulate coated with the tadufying compound, multifunctional material and an admix- 
10 ture as described herdn and penetrometer readings can be made using equipmemsuG^ 

Precision Sdentific Conpany. Chicaga Illinois. Conparison of the penetrometer readings readUy demonsfratee the 
change that has occurred as a result of the reaction. In ihis instance^ the tacWfying conpound also functions as the 
hardenable resia The material having muHi-functional reactive si^ 

maldehyde, dialdehydes such as sMaraidehyde. hemiacetals a aldehyde release conpounds. diadd halides. dihal- 
15 ides such as dichlorides and dSiromides, potyadd anhydridesa sudi as dtric add, epoxides and the tike. Preferred 
compounds for use with polyamides comprise furfuraUehyde, glutaraldehyde or akfehyde condensates and the like. 
The multi-functk)nal compound Is admixed with the tadofying 00^ 

percent by weight of the taddfying compound to effed ftymation of the reaction product Preferably, the conpound is 
presem in an anwum of f^om about 0.5 to about 1 percem by wdght of the taddfying oonpoun^ 
20 The Ikiuid or solution of tadofying conpound and haidenablere^ 

in any of the oonventtonal fradurfng a gravel packing flukte comprised of an aqueous fluid, an aqueous loam, a hydro- 
carbon flukf or an en«ilston. a viscosifying agem and any of the varkXA k^ 
t)ilizer8 or the Ska 

Generally the taddfying compound and hardenable resin may be incorporated into fluids having a pH in the range 
25 of from about 3 to about 1 2 for introduction into a sUbtenanean formation. The conpounds are useful in reducing par- 
ticulate nKvenwm within the fxmatnn at tenperatures from about aiiM Histobewideretood 
that not every haidenable redn or taddfying conpound wil be useful over the ^ 
conpound is useful over at least some portkm of the range and indivktuals ca^ 
range for various products utilizing wdl loiown teste and without undue experimentatioa 
30 The liquid or sdution of taddfying conpound and the hardenable resin generally are incorporated with the particu- 
late as a simultaneous mixture by introduction into the fracturing or gravel packing fluid along with the particulata 

Fracturing f luki slurries are introduced Into the sut)tenfanean formatkxi at a rate and pressurfl siMkAt^ ^ ffr^a te at 
least one fracture in the formation into wNch particUate then is introduced to pr^ 

hydrocarbon productton Qravd paddng treatments generally are pedbrmed at kiwer rates and pressures whereby the 
35 fluM can be introduced into a fomrialton to aeate a controNedparticu^ 
weflbore where fkractiffing d the ftormatkn may or niay not occur. The pa 
functtons to prevent fines a fdmalion particulate migratkm into the wdl^ 
the sutnenranean formatton. 

The gravel paddng treatment also may be perfbrmed without a screen in the welbora In such a screeniess com- 
40 pletkxi, theftuU generaOy is introduced intothe weitxxe to fiO the perforatkms and wdtoore to a level above the perib- 

ratkins and pemittted to consdidata The consdkfated pad( can then be drilM 

provkling a Gonsolklated pad( to saeen fines and fomriatton partioj^ 

The taddfying compound may be introduced into the f hiU before, after or dmultaneously with introductton of the 

particulate into the flukf. The Ik^ a sohJtkm may be incorporated with the e^ 
45 the subterranean fornriatk)n or it may be introduced with only a portkxi of tt^ 

the treatment to place the intimate mixture in the fbrmatkxi in the vidnity of the weObora For exanple, the taddfying 

conpound may be added to only the final 20 to 30 percent of the partk:ulate laden flukl introduced into the Ibrmalion 

and the hardenable resin may be added to only the last 10 to 20 percent of the particulata laden fluid. Ih this instance. 

the intimate mixture win form a tal4n to the treatment which iponinteracttonwit^ 
so wilcausethepartkdestobrtogeontheaggtomeratesfomiedthereftriandprevemm 

welbore with any produced fluxfa The taddfying compound and hardenabfo ^ 

or into any ftowline in whkii they wfl contad the nuterial to be at least part^ 

pounds may be introduced with metering pumps a the Ito prtor to enft7 of the 

fbrmatioa 

S5 In an alternate embodirnent the particulate may be premixad with either the taddfy^ 
redn prnr to admixing with a treatment fluid and the other constituents for 
instances, resin preooated pailiculatee inay be utifized and the taddiy^ 
formanca of the subterranean fornation treatnnent Dapencfing 1^ 
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would be added 10 the trealmert fluid or irmoduoed ^ 

Surpnsingly. tt has been fouffl that UM of the nwlhaJ 
nelt extending from weNbore perfor a tion s back Into proppant packad fractures created in the sUblenanean formation 
which then may be consolidated Control of the flowbad( 
be used to proMde a controlled erosion of the treated particulate Immedu^ 
f lOMMback rate is oontroled so as to prcM/ide a la«l abo^ the initU 
pound but generaly is maintained below the continuous critical resuspension 
tion of partlcuiats from the fioniialioa The erosion surprising 
a tunnel Into the particulate In the forrnation generaly correspondng to tf^ 
bore. After the tunnel is fonned, the haidenable resin consolidatee the remaining par^^ 
blity passage or tunnel from the formation to the wellme. 

Reference is made hereafter to the aooonpanying drawing (Figure 1) which pravldee a schematic iustration of the 
test apparatus ulSzsd to determine ttie critical reeu openoion velocity for a tadoiying compound coated stixtrate mate* 
rid. 

To fijrthsr ikislraie the present inimtion and not by way of 



Exairple 1 



30 



The evaluation of a liquid or solution of a cornpound for use as a tadofyingo 
lowing test A crHical reeuepension velocity is first determined lor the materia 
be coated Referring now to Figure 1. a test apparatus is iluetratad for perfonnlngth^ 

glass tee 10 wNch is connected to an inlet source 12 of water and an outlet 14 disposal 1^ 
A water slurry of particulate rs aspirated into the tee 10 through inlet 12 and collected within portion 16 by fittration 
against a screen 18. When portion 1 6 of tee 1 0 is full, the vacuum source is removed and a plug 20 is used to seal the 
end of portion 16. The flow channel from inlet 12 to outfet 14 tiien is swabbed dean and a vdumetncaMy controlled 
purip, such as a "MGYNO' purip, is connected to inlet 12 and a contrdled fk^ 

fluid is slowly increaeed through inlet 12 until the fret particule of particulate matsrial is picked up by the flowing water 
stream. This determines ttie baseline for the starting of the reeuspmton vetocHy. Thefksw rate then is further inaeased 
until the removal of particles becomes continuoua This determines the baseline for tiie continuous resuspension veloc- 
ity. The test then is terminated and ttie apparatus is refilled witti particulate having a coating oorr 
percent active material by weight of ttie particulate appGedthereta Simitar trends generally are seen in ttie results when 
ttie concentrations tested are from about 0.1 toatxxit3percent.however, ttie 0.5 percent level which is within ttie pre- 
ferred application range is preferred for staridaidization of ttie procedure. The test is repeated to detern^ 
point of particulats rsmoval and the velocity at wtiksh removal tMcomes oontinuous. 

The percsnt of vetoclty Inaease (or decrease) ttien is detennlned based lipon M 
vakje. The results of several tests emptoying ttie prefened polyamlde of ttie present Invention, and conventional epoxy 
arxl phenotic resins known lor use in consolidation treatments in subtsrranean formations wHh 1 2J20 and 20/40 mesh 
sand are set fortti below in Table I. 
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TABLE I 



Testiskx 


Particulate Size 


Coating Agent. %V/Wt 
Particulate 


Percent Of Vek}city Change At: 








Starting of Sand Partide 
limport 


Continuous Sand lhans- 
port 


1 


20/4OMie8h sand 


none 


0 




2 


2G/40 mesh sand 


1/2 percent poiyamide 


192 


222 


3 


20/40 mesh sand 


1 percent poiyamide 


271 


391 


4 


20^40 mesh sand 


1/2 percent phenolic 


-0.5 


6.5 


5 


20/40 mesh sand 


1 percent pfienoic 


•9 


•8.8 


6 


20/40 mesh sand 


1/2 percent epoxy 


-9 


-1.2 


7 


20/40 mash sand 


1 percent epoxy 


5.2 


12.2 


8 


12/20 mesh sand 


1/2 percent poiyamide 


228 


173 
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TABLE I (continued) 



Test Ma 


Particulate Size 


Coating Agent. %V/VVt 
Particulate 


Percent Of Velocity Change At: 








Rtartitvi nf fiawl Pariiriji 
wHu III ly m ooi lu f cu uuo 

Itansport 


\AJnunumiD oono iicuio" 

port 


9 


12/20 mesh sand 


1 percent pdyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 




42 


13 


12 


12A20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12^ mesh sand 


1 percent epoxy 


38 


15 



15 

The data dearly illustrates the 8ut)stantial increase in ttie critical resuspension velocity of a particulate coated with 
the tacMfying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

The test results dearly demonstrate the k)enef idal results achieved by practice of the method of the present inven- 
20 tion with respect to proppam production from a simulated fbrmation. 



EXAMPI^O 



The stabilization properties of the method of the present invention are determined by comparison to untreated sand 
25 and sand including a tacWfying compound. The flowback velocity is measured in an American Petroleum institute 
approved simulated fracture flow cell. The ceU contains Ohio sandstone cores having a proppant bed size of about 1 .5 
inches in height about 7 inches in length and about 0.25 inches in width between the cores. The bed is initially pre- 
packed with 20/40 mesh sand by introducing the sand into the ceU in an aqueous slun7 or a gelled f hud containing 40 
pounds of guar per 1000 gallons of aqueous fluid. The eel is fitted with a 0.3 inch hole at one end to simulate a perfo- 
30 ration. The hole is visible through a sight glass so that proppant production through tfie hole can be visually determined. 
The cell then was cleaned and packed with anottier proppant pack for testing. The tested materials are set forth in 
Table II. betow. 

While the present invention has been described with regard to that wNch is currentfy considered to comprise the 
prefenred embodiments of the invention, other embodmente have been suggested and stil other embodimentB will 
3S occur to those indivkiuals skilled in the art upon receiving the fvegdng specif icatton. it Is intended ttiat aO such embod- 
inwits shal be Included within the scope of the presem invention as denned by the cl^^ 



TABLE II 



SAMPLE 


RACKINQ FLUID 


ADDITIVES TO SAND. % BY WT. SAND 


FLOW RATE. nriMn AT 
WHICH FAILURE 
OCCURS 


1 


water 


none 


84 


2 


gel 


none 


90 


3 


gel 


1%bywtpolyamUe 


180 


4 


gel 


2% by wt potyamkle 


384 


5 


gel 


1% by wt polymde and 1% out Bakelite 9282 FP 
resin 


>3000^ 


6 


gei 


1% by wt polyamide and 1% by wt Bakelite 9282 FP 
resin 


>26002 



^- pack healed at 250T for 72 hous belm testirao. no sand prodUdi^ 
^ padc healed at 180°F lor 4 hem before testing no sand prixtation di0^ 
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aalms 

1. A method of treating a $iA>terranean formafi^ 

subterranean formation; admixing with at least a portion of said fluid, a particulata which is introduced into and 

deposited within said fomiation; adnMig with at least a por^ 

conpoifid wherely at least a portion of said partiojlate is at least parl^ CO 

critical resuspension velocity of said at least partialy coated parties 

when tested at a level of 0.9% acth/t material t>y weigM 01^ said particulate 

least a portion of said particulate in said treatment fluid a hardenable resin whereby at least a portion of said par- 
ticulate is at least partially coated kiy said restn; depositing the tadofying confound and hardenable resin coated 
particulates in the subterranean formation; and flowing back fluid from the formation whereby the taciofying com- 
pound coaled particulate relaids movemem of at least a portion of the particular 
haidenM resin subsequentiy consolidates at least a portion of the parliculale 

2. Amethodaccordvigfoclaiml. wherein said tacldfying compound 
from 0.1 to 3.0 percent fay weight of said particuUrie. 

3. A method acoorcKng to daim 2. wherein said taddfyingconri^^ 
from 0.25 to 2 percent by weight of said particulata 

4. A method accordbig to claim 1.2 a 3. wherein said coated particulate^ 
of 100 percent over said particulate alona 

& A method according to claim 1.2, 3 or 4. wherein said taddfylngconp^ 
polyamide. 

6. A method accordng to any of dainisl to 5, wherein said tadofying compound 

sation reaction product of a dimer add containing sorne trimer and higher oiigornere ^ 
apolyamine. 

7. A method according to daim 6. wherein said polyamine corTY)rises at least one of elhylenediamine. cfiettiylenetri- 
antine. triethylenetetraamine. tetraethylene pentaamine, aminoelhylpiperazine. 

& A method according to daim 6 or 7. wherein said tacWfyingooni^^ 

9. AnMlhodaooordingtoanyofdalnwl to8.whereinsaidhaidenableredn^^ 

hyde resins, urea-aldehyde resins, melamlne-aldehyde resins, epoxy resins, furfuryl alcohol resins. 

10. A method according to any of claims 1 to 8. wherein said hardenable resin is a reaction product of the tadofying 
compound and a multifunctional material comprising at least one member selected from (fialdehydes. diadd haN- 
des, dftialidss^andpolyaddanfiydrides. 
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